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ABSTRACT 
“One nuclear weapon exploded in one city—be it New York or Moscow, Islamabad or Mumbai, 
Tokyo or Tel Aviv, Paris or Prague—could kill hundreds of thousands of people. And no matter 
where it happens, there is no end to what the consequences might be for our global safety, our 
security, our society, our economy, to our ultimate survival.” 

-- President Barack H. Obama, April 5, 2009 
 

The federal government continues to put significant resources into non-proliferation of 
nuclear weapon technology and materials, ensuring the security of existing stockpiles, 
and detecting potential threats as they move overseas, through our borders, and within 
our homeland.  However, a terrorist attack using a nuclear weapon in the coming decades 
remains a distinct possibility and prudence requires we consider nuclear detonation 
response planning to ensure a nation that is resilient to all potential terrorist attacks and 
natural disasters. 
 
Analysis by Department of Energy (DOE) National Laboratories and other technical 
organizations have updated our cold war understanding of potential impacts of a ground 
level, low yield nuclear detonation and the impact response planning can have on national 
resiliency.  Federal response planning continues to make improvements in coordination 
and recommending protective actions, but much work remains.  The most critical life-
saving activity depends on actions taken in the first few minutes and hours of an event.  
Recent response planning activities have revealed that a significant number of lives can 
be saved by a few simple actions taken by the public and local response agencies in 
preparation for, and immediately after, a nuclear detonation.  
 
A key finding is that early, adequate shelter followed by informed, delayed evacuation 
can save those in potential fallout areas from life threatening exposures.  “Adequate 
shelter” is no longer the fortified and specialized “fallout shelter” of the cold war, but 
rather buildings (or locations within buildings) that are ubiquitous in urban areas.  Also 
the suggested time spent in the shelters is measured in hours, not days or weeks. 
 
A small amount of awareness and regional response planning can potentially save 
hundreds of thousands of lives by informing appropriate post detonation actions. 



 



 

INTRODUCTION 
Although response to nuclear terrorism has been a key part of national preparedness since 
the formation of the Department of Homeland Securitya, little actual research had been 
performed to improve the understanding of potential effects and mitigation strategies 
specific to a low yield, ground level nuclear detonation until recently.  An effective 
response involves managing large-scale incident response, mass casualty, mass 
evacuation, and mass decontamination issues.  Preparedness planning activities based on 
this scenario provided difficult challenges in time critical decision making and managing 
a large number of casualties within the hazard area.  Perhaps even more challenging is the 
need to coordinate a large scale response across multiple jurisdictions and effectively 
responding with limited infrastructure and resources. 
 
In 2007, Congress expressed concern that cities have little guidance available to them to 
better prepare their populations to react in the critical moments shortly after a nuclear 
terrorism event and directed the Department of Homeland Security (DHS) Office of 
Health Affairs (OHA) to address this issue through engagement of the National 
Academies’ Institute of Medicine, the Homeland Security Institute, DOE National 
Laboratories, and State and Local Response organizations1.  This activity continues today 
through the Federal Emergency Management Agency (FEMA) as part of a coordinated 
federal effort for improving nuclear detonation response planning. 
 
At the start of the OHA effort, there appeared to be a lack of scientific consensus on the 
appropriate actions to take after a nuclear detonation.  For example, the recommendations 
of the Department of Homeland Security’s Ready.gov, which are consistent with the 
recommendations of the National Academy of Sciences2, were recently criticized by the 
Federation of American Scientists3 because of conflicting recommendations with a 
RAND study4 5. 
 
Moreover, the existing federal protective action guidance6 focused on avoiding relatively 
low level exposures to decrease the possibility of cancer from an accidental transportation 
or nuclear power plant release and was inappropriate for the key lifesaving decisions in 
the immediate aftermath of a nuclear detonation..  The Cold War civil defense program 
can help with some insights and advice, but many of the paradigms no longer apply.  For 
example, the concept of a fallout shelter worked well with a few minutes warning of 
incoming missiles but its applicability is less clear for an attack that occurs without any 
notice.  
 
During the OHA activity, observations from state and local stakeholder workshops 
indicated that few, if any, communities have a coordinated regional response plan for 
responding to the aftermath of a low yield (< 10 kiloton) nuclear detonation.  The results 
of these workshops highlighted a general lack of understanding of the response needs and 

                                                 
a Scenario #1 of the 15 Department of Homeland Security national planning scenarios is an improvised 
nuclear detonation in the national capital region. 



uncertainty of the federal, state, and local roles and responsibilities.  At an Institute of 
Medicine’s workshop on IND medical response planning, Chicago responder Joseph 
Newton comment on responding to an IND was7 “We don’t know what perfect looks 
like.” 
 

RECENT RESEARCH 
To resolve the possible conflicts in the technical community and create a coordination 
point for research activities, DHS formed the IND Modeling and Analysis Coordination 
Working Group (MACWG).  This working group is comprised of national laboratories, 
technical organizations, and federal agencies researching IND effects and response 
strategies.  The purpose of the MACWG was to: (1) establish scientific consensus (where 
possible) on the IND effects and issues, (2) bound uncertainty and identify unknowns, 
and (3) resolve conflicts in recommended IND response actions. 
 
As directed by Congress, DHS Office of Health Affairs has coordinated an extensive 
effort involving the effects modeling of 0.1, 1.0, and 10 kiloton nuclear yields in New 
York City, Washington DC, Chicago, Houston, San Francisco, and Los Angeles; 
workshops in state and local communities across the nation as well as the National 
Academies; focus group testing of public messaging; and coordination with key federal 
agencies, national laboratories and technical organizations who have unique capabilities 
and knowledge regarding nuclear effects and emergency response.  
 
The results of recent modeling indicate the modern urban environment can greatly 
mitigate some of the effects of a low yield nuclear detonation.  For example, the potential 
number of thermal burns that occur from the heat of the initial explosion can be greatly 
reduced by the urban environment as it blocks this primarily line of sight phenomenon. 
A Lawrence Livermore National Laboratory technical report8 demonstrates this visually 
with Figure 1 showing how buildings shadow areas that protect the outdoor population 
from significant thermal exposure (areas of low exposure are shown in green and blue). 



 
Figure 1: Integrated thermal flux from a 10kt ground level nuclear detonation in a small US city. 
 
Work done at Applied Research Associates and Los Alamos National Laboratory have 
modeled a similar reduction in effect for the initial radiation that is produced in the first 
minute of the nuclear detonation.   
 



 
Figure 2: Initial gamma radiation from a nuclear detonation in the urban environmentb 
 
Again, the green and blue areas on the Los Alamos graphic represent areas of low, 
survivable exposure levels.  The work at Applied Research Associates converted an 
entire cityscape into a modeling environment to perform detailed radiation transport 
studies.  Like the thermal analysis, these studies indicate that the ambient radiation levels 
from a low yield, ground level nuclear detonation may be significantly reduced.  For 
example, the unobstructed range to a potentially lethal radiation exposure of 400 rads 
(cGy) is about 1,200 yards, however initial results of the work by Applied Research 
Associates indicates that the range to this effect might be reduced by 1/3 or more down to 
600 – 800 yards from the detonation in built up areas.  The graphic below indicates the 
types of detailed modeling being conducted. 
 

                                                 
b Image courtesy of  JT Goorley, the ASC’s Nuclear Weapon Effects for Urban Consequences, Los Alamos 
National Laboratory, LA-UR 09-00703 and LA-UR-10-01029.  For more information contact Tim 
Goorley; jgoorley@lanl.gov 
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demonstrated that the area of glass breakage is nearly 16 times greater than the area of 
significant structural damage13.  NATO medical response planning documents14 for 
nuclear detonations state that “… missile injuries will predominate. About half of the 
patients seen will have wounds of their extremities. The thorax, abdomen, and head will 
be involved about equally.”  The American Academy of Ophthalmology noted “Most 
injuries among survivors of bombings have been shown to result from secondary effects 
of the blast by flying and falling glass, building material, and other debris. Despite the 
relative small surface area exposed, ocular injury is a frequent cause of morbidity in 
terrorist blast victims.”15   
 

In addition to prompt effects which radiate outward from the detonation site, a nuclear 
detonation can also produce nuclear “fallout,” which is generated when the dust and 
debris excavated by the explosion are combined with radioactive fission products 
produced in the nuclear explosion and drawn upward by the heat of the event.  This cloud 
rapidly climbs through the atmosphere, potentially up to 5 miles high for a 10kT based on 
our nuclear test data, forming a “mushroom cloud” under ideal conditions from which 
highly radioactive particles drop back down to earth as it cools.  It is important to note 
that Hiroshima and Nagasaki did not have significant fallout because the detonations 
occurred at altitude 1,900 and 1,500 ft, respectively, and the fission products did not have 
the opportunity to mix with the excavated earth.  

 
In the absence of real, complex weather information, fallout modeling typically used the 
cigar shaped Gaussian fallout pattern.  Although this pattern can occur, it is not a good 
planning assumption as more complex fallout patterns are more challenging and also 
frequently occur, particularly in coastal areas. Fortunately, higher-fidelity atmospheric 
dispersion models are now available that take into account the complex wind profiles 
typically found in our atmosphere and that provide a significantly more realistic 
evaluation of how hazardous material will move in time and space. 
 
The fallout distribution used in this analysis was generated by the National Atmospheric 
Release Advisory Center (NARAC) at Lawrence Livermore National Laboratory 
(LLNL), which is currently the primary operations center for the Interagency Modeling 
and Atmospheric Assessment Center (IMAAC). This analysis used an advanced suite of 
3-D meteorology and plume/fallout models that account for complex meteorology and 
terrain effects.   
 
Realistic, complex weather patterns result in irregular shaped areas of ground 
contamination. Even nuclear tests performed at the Nevada Test Site, when shot times 
could be selected for favorable weather conditions, often resulted in fallout patterns that 
were unlike the “cigar” shaped Gaussian plots that are commonly used for response 
planning (Figure 7-need to update figure #). 
 



 
 
The 12 fallout patterns in Table 3 below represent a sample of how weather affects 
fallout patterns over the Washington, DC area. The weather data was based on detailed 
atmospheric soundings at nearby weather stations. An analysis was performed to 
determine potential fallout patterns using the weather from the 15th of each month in 
2006. A noon detonation time was arbitrarily selected. 
 
In the images below, the inner, magenta circle is the range where major building damage 
would be expected, and the outer, blue circle is the range where glass is being broken 
with enough force to cause injury. The color coding of the fallout areas are 300 rem (red), 
100 rem (yellow), and 1 rem (light magenta) for a two-hour outdoor exposure. These 
figures are not meant to portray all possible fallout patterns or the full statistical variance 
for the possible fallout in the Washington, DC area. They do, however, illustrate how 
complex and variable fallout patterns can be. 



 
 
Basing response plans on the expectation of a “cigar shaped” Gaussian fallout pattern 
creates the false impression that fallout is constrained to a symmetric, easily delineated 
area. This provides an unrealistic expectation that the fallout area will be quickly and 
easily traversed and that the impacted population in the fallout area will have perfect 
situational awareness of what areas have been contaminated by fallout. This has 
presumably contributed to the “evacuate immediately” guidance3,4 that can result in 
higher exposures when used on common, non-Gaussian fallout patterns, as it often places 
people outdoors and in harm’s way when the radiation levels are highest. The difficulty 
and hazard of implementing an immediate, lateral evacuation tactic is readily apparent for 
someone north of the detonation location on July 15, 2006 (in Table 3 above) trying to 
evacuate “perpendicular” to the bifurcated plume. 
 

An artist’s rendition of the key prompt fallout combined issues can be visualized in 
Figure 4.  The prompt and thermal exposure ranges are for an unobstructed view of the 
fireball and, as noted above, these effects circles should be considered the likely 
maximum range and actual results will often be significantly attenuated by intervening 
buildings.  The fallout pattern depicted demonstrates one of the possible ground 
contamination patterns and potential exposures in the shaded areas to northeast and east 
of ground zero.  Actual exposures will depend on the length of time spent in the fallout 
area and the quality of the shelter. 
 



 
Figure 4: Artist rendition of key nuclear detonation effects (LLNL) 

 

Unlike prompt effects which can occur too rapidly to easily avoidd, fallout health impacts 
can be mitigated by leaving the area before fallout arrives or by sheltering from it.  
Although some fraction of ionizing radiation can penetrate buildings, the 1) shielding 
offered by walls and 2) distance from outdoor fallout particles can easily reduce 
exposures by a factor of ten or more for many common urban buildings.   
 
The quality of shelter is described by the protection factor (PF), which is equal to the 
ratio of outside dose rate divided by inside dose rate. As with the SPF of sunscreen, the 
higher the PF, the lower the exposure that a sheltered person receives compared to an 

                                                 
d Note that the Civil Defense program advice of “Duck and Cover” can provide protection from prompt 
effects of flying glass and the thermal pulse; however it requires reacting properly to the bright flash within 
the first few seconds. 
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Studies performed by Sandia National Laboratories17 18 19 evaluate the effectiveness of 
various shelter/evacuation studies.  In the Los Angeles scenario analyzed, even a 
moderate shelter with a PF of 10 reduced the number of people who received a 
significant exposure of 100rem or more from ~285,000 people down to ~45,000 people.  
Higher PF shelters, which are common in the urban environment, can reduce the number 
of exposed people even further. 

 

The Sandia National Laboratories work also analyzed various evacuation strategies.  As 
can be seen in Figure 7, the dose the evacuee receives leaving reference point #1 is 
dependant of the selected evacuation route.  The heights of the path in the image 
represent the radiation levels (or dose rate) that the evacuee is exposed to during their 
journey. 

 

Figure 6: Protection can vary depending on location in building and type of building, images 
courtesy of Oak Ridge National Laboratory 
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concentrations of fallout particles (i.e., potentially fatal to those outside) occur within 20 
miles downwind of the event and are expected to be clearly visible as they fall, possibly 
resembling sand, table salt,26 ash27, or rain.  

 
Figure 8:  Potential Dose Rates 1.6 miles downwind of a 10kT detonation (weather dependant) 

 
Although the lowest possible evacuation exposure can be achieved through delayed 
departure, that delay also means that individuals are also receiving exposure from fallout 
while waiting in their shelter. Evaluation of the total exposure for different lengths of 
sheltering periods was performed by summing the cumulative exposure received while 
sheltered with the exposure received during evacuation to determine the total dose 
received by an individual for a particular evacuation strategy. 
 
A way to display this information is in a cumulative dose graph shown in Figure 9, which 
demonstrates the total exposure (shelter dose + evacuation dose) with various shelter 
departure times.  This analysis uses the outdoor exposure rates noted in Figure 8 and a 
shelter protection of PF=100, which can be found in the core of office buildings like the 
one displayed in Figure 6. 
 
In this example, the one-hour departure will result in cumulated shelter dose of 8 rem and 
an evacuation dose of 62 rem, yielding a total exposure of 70 rem for an evacuation at 1 
hour.  Notice that the longer sheltering results in a lower total dose, and that a 24-hour 
departure can result in a total dose of 17 rem, significantly less than the one-hour 
departure dose of 70 rem.  Through the use of this graph, the total (shelter + evacuation) 
dose can be determined for any of the shelter departure times noted on the figure. 
 



 
Figure 9: Cumulative dose for various shelter departure times 

 
More detail on the methodology of this analysis can be found in Key Response Planning 
Factors for the Aftermath of Nuclear Terrorism25 
 
 

COMMUNITY OUTREACH 
If a nuclear detonation were to occur in a modern US city, the greatest reduction of 
casualties is achieved through actions taken by citizens themselves and their state and 
local officials.  The most critical decisions are those made in the first few minutes.  
Unfortunately many consider such an event to be so catastrophic that local response 
planning may be useless.  There is a misguided impression that there would be no 
responders left after the detonation or that the initial response would be a federal 
government responsibility.  Without planning, this might be a self fulfilling prophecy 
with hundreds of thousands of additional potential casualties as a result.   
 
The largest potential for reduction in casualtiese during the response phase (post 
detonation) comes from reducing exposure to fallout radiation. This can be accomplished 
through early, adequate sheltering followed by informed, delayed evacuation.f  The 
response challenges of a nuclear detonation must be solved through multiple approaches 
of public information, planning, and rapid response actions.  Because the successful 
response will require extensive coordination by a large number of organizations and 
supplemented by appropriate responses by local responders and the general population 
within the hazard zones, regional planning is essential to success.  
 
By the nature of their work, response organizations are distributed throughout a 
community and the vast majority of the response base would survive.  However, without 
a basic level of large-scale emergency planning, these response organizations will not 

                                                 
e Casualties are defined in this document as both injuries and fatalities. 
f This report focuses primarily on protection from fallout. Other issues, including planning actions that 
would reduce injuries/fatalities arising from the prompt effects (e.g. “duck and cover” to reduce broken 
glass injuries) are only briefly discussed. 



know
capab
days 
 
The r
local 
mess
The N
 
In ad
anim
city o
from 
affect
shelte
mana
 

Figur
outrea
 
This 
by th
that l
terror
 
 

w how to app
bilities exist,
and may be 

results of ini
working gro
aging.  This 
National Cap

ddition to som
ation, and gr
of the comm
the perspect
ted areas as 
er / evacuati
agers, and pu

e 10: New visu
ach 

updated info
e response p
ocal respons
rism are bein

ply their skill
, it is unlikel
further dela

tial DHS mo
oups to obtai
effort involv

pitol Region

me of the tec
raphics were

munity of inte
tive of some
the fallout a
on strategies

ublic health o

ualization tool

ormation and
planning com
se planning i
ng initiated i

ls safely and
ly that comp

ayed by natio

odeling and 
in critical, br
ved a divers

n, Charlotte, 

chnical infor
e used to hel
erest might u
eone on the g
accumulates 
s were all pr
officials. 

ls for fallout c

d methods of
mmunity and
is futile.  Re
in several co

d effectively.
prehensive as
onal actions t

analysis wer
road-based r
e set of com
Houston, Po

rmation note
lp convey ho
unfold.  Anim
ground), the 
and then dec

resented to em

cloud moveme

f communic
d has helped 
gional plann

ommunities.

.  Although c
ssets would 
to prevent o

re presented 
review and f

mmunities, in
ortland, and L

d above, adv
ow a nuclear
mation of clo
visualization
cays, and the
mergency re

ent and decay 

ation have b
overcome th

ning efforts f

considerable
arrive in the
r mitigate fu

to federal, s
feedback on 
ncluding New
Los Angeles

vanced mode
r detonation e
oud moveme
n of rapidly 
e efficacy of
esponders, em

are used for c

been very we
he inaccurate
for response 

e federal 
e first few 
urther attacks

state, and 
strategy and

w York City
s. 

eling, 
event in the 
ent (as seen 
changing 

f various 
mergency 

community 

ell received 
e impression
to nuclear 

s.  

d 
, 

 

n 



NATIONAL GUIDANCE 
Until recently, response planners faced a lack of federal guidance and scientific 
consensus on the correct actions to take.  The 2006 Federal Register Notice published by 
the Department of Homeland Security28, which clarified how existing protective action 
guidance can be applied for radiological and nuclear terrorism, did not specifically 
address guidance for the acute effects of a domestic nuclear explosion29. 
 
Now, in addition to the technical reports discussed above, a federal interagency effort has 
developed the National Planning Guidance for Response to a Nuclear Detonation30 in 
January of 2009 (a 2010 update is currently under review) and work by the National 
Council of Radiation Protection and Measurement on Responding To Radiological And 
Nuclear Terrorism: A Guide For Decision Makers is expected to be published in the 
Spring of 2010. 
 
In addition to the nuclear terrorism specific guidance, the Department of Homeland 
Security has extensive preparedness activities, including preparedness grants to states and 
urban areas totaling billions of dollars.  The Department’s preparedness programs and 
strategies favor a capability development approach that stresses mitigating the effects of a 
variety of events.  In this regard, preparedness for the low yield nuclear detonation 
scenario will create important capabilities for a number of catastrophic events that 
require: 

• coordinated regional response, 
• time critical decision making, 
• mass casualty response, 
• crisis communication, and 
• resource prioritization. 

 
The Department of Homeland Security’s National Preparedness Guidance31 states; 
“Because major events will undoubtedly have a regional impact, there is no greater 
necessity than to collaborate on a regional basis to leverage expertise, share specialized 
assets, enhance capacity, and interoperate cohesively and effectively.”  Few scenarios 
engage regional response planning better than a low yield nuclear detonation. 
 
Since so many lives depend on actions taken by citizens and responders in the first few 
hours, the capability to make decisions and disseminate guidance quickly is essential for 
a large number of rapidly unfolding catastrophic events.  A process must be in place to 
avoid the paralysis that can occur in the initial phases of an event when immediate action 
needs to be taken and uncertainty about the nature of the event is high. 
 

Conclusion 
Recent research indicates than many potentially lethal effects of a nuclear detonation are 
greatly mitigated by the urban environment.  The ranges of prompt thermal and ionizing 
radiation effects are significantly reduced by urban shadowing and shielding.  Fallout 



continues to be a significant issue, but adequate shelter is easily found in the urban 
environment.  

If a nuclear detonation were to occur in a modern US city, the greatest reduction of 
casualties can be achieved through rapid actions taken by citizens supported by 
information and prompt actions by their state and local officials.  Unfortunately most 
response organizations (and the general public) currently lack fundamental awareness and 
planning to make informed decisions following a nuclear event.  This planning is needed 
due to both the short time available for critical decisions and the extensive area impacted.  

Given a daytime population density of a large modern city, the number of people who 
could be hurt by prompt effects or threatened by fallout could easily be in the hundreds of 
thousands.  Fortunately, the number of casualties can be significantly reduced by taking 
appropriate response actions and community pre-event planning at the local level.  The 
largest potential for reduction in casualties comes from reducing exposure fallout 
radiation which is accomplished through early, adequate sheltering followed by informed, 
delayed evacuation.  A well organized response will enable sheltered populations perform 
informed evacuations and support timely medical intervention which would greatly 
improve the prognosis of the injured 32 33 34 35 36 37 38 39 40. 
 
Recent developments in scientific understanding, federal guidance, and preparedness 
tools have formed a foundation for state and local planning.  Resources are available for 
state and local regional catastrophic response planning that can be used to help bring a 
region together to address a number of difficult challenges presented by the nuclear 
terrorism scenario.  The capabilities gained through this process can facilitate an effective 
response to a variety of natural and manmade catastrophic events involving large-scale 
incident response coordination, mass casualty, mass evacuation, and mass care. 
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